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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light-emitting element, on both 
faces of which electrodes are formed and which comprises a nitride 
semiconductor layer, and to provide a manufacturing method for the light- 
emitting element. 

SOLUTION: In the manufacturing method, a wafer on which an n-type nitride 
semiconductor layer and a p-type nitride semiconductor layer are laminated 
on a substrate is divided into light-emitting elements. The manufacturing 
method contains a p-electrode forming process, where a first metal layer 
which comes into ohmic contact with the p-type nitride semiconductor layer 
is formed nearly over the whole face of the p-type nitride semiconductor 
layer and a warpage preventing layer, which prevents the warpage of the 
wafer, is formed in the upper part from the metal layer. The manufacturing 
method contains a substrate removal process, where after the p-electrode 
formation process, the substrate is removed from the face on the opposite 
side of a substrate face on which the nitride semiconductor layer is 
laminated, in such a way that at least a part of the n-type nitride 
semiconductor layer is exposed in the respective regions of the light- 
emitting elements to be divided. The manufacturing method contains an n- 
electrode formation process where an n-electrode is formed, so as to come 
into contact with at least a part of the exposed n-type nitride semiconductor 
layer. The manufacturing method contains a division process, where the 
wafer on which the p-electrode and the n-electrode are formed is divided to 
form the light-emitting elements. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS ' 

[Claim(s)] ~~ " ~ " ~ " ~ = 

[Claim 1] The manufacture method of the light emitting device which divides the wafer with which it reached with n type 
nitride semiconductor layer at least on the substrate, and the laminating of the p type nitride semiconductor layer was 
carried out for every light emitting device characterized by providing the following, p electrode formation process which 
forms the 1 st metal layer for [ of the aforementioned p type nitride semiconductor layer ] obtaining p type nitride 
semiconductor layer and ohmic contact on the whole surface, and forms the curvature prevention layer for preventing the 
curvature of the aforementioned wafer above the aforementioned metal layer mostly. The substrate removal process of 
removing the aforementioned substrate from the substrate side where the laminating of the aforementioned nitride 
semiconductor layer was carried out and the field of an opposite side so that a part of aforementioned n type nitride 
semiconductor layer [ at least ] may be exposed to each field of the light emitting device which should be divided after the 
aforementioned p electrode formation process, n electrode formation process which forms n electrode so that it may touch 
on n type nitride semiconductor layer which carried out [ aforementioned ] exposure in part at least The division process 
which should divide the wafer with which the aforementioned p electrode and the aforementioned n electrode were formed 
and which divides for every field and is made into a light emitting device. 

[Claim 2] The aforementioned curvature prevention layer is the manufacture method of the light emitting device according to 
claim 1 characterized by thickness containing the 2nd metal layer 10 micrometers or more at least. 
[Claim 3] The aforementioned 2nd metal layer is the manufacture method of the light emitting device according to claim 2 
characterized by consisting of metals which contain nickel at least. 

[Claim 4] The aforementioned 2nd metal layer is the manufacture method of the light emitting device according to claim 2 to 
3 characterized by being formed by non-electric-field plating. 

[Claim 5] The aforementioned curvature prevention layer is the manufacture method of the light emitting device according to 
claim 1 characterized by consisting of resin layers formed on the aforementioned 1st metal layer except the portion in which 
one or more metal bumps formed on the aforementioned 1st metal layer and the aforementioned metal bump were formed at 
least. 

[Claim 6] The manufacture method of the light emitting device according to claim 1 to 5 characterized by containing further 
with Au stratification process which forms Au layer which contains Au at least above the aforementioned curvature 
prevention layer. 

[Claim 7] The aforementioned substrate is the manufacture method of the light emitting device according to claim 1 to 6 
characterized by using sapphire. 

[Claim 8] The aforementioned n electrode is the manufacture method of the light emitting device according to claim 1 to 7 
characterized by being a transparent electrode. 

[Claim 9] In the light emitting device which the semiconductor layer to which the laminating of n type nitride semiconductor 
layer and the p type nitride semiconductor layer was carried out at least is formed, and has n electrode and p electrode the 
: aforementioned n electrode and the aforementioned p electrode On both sides of the aforementioned semiconductor layer, it 
is formed face to face, respectively, the aforementioned p electrode The light emitting device characterized by consisting of 
a 1 st metal layer for [ of the aforementioned p type nitride semiconductor layer ] obtaining p type nitride semiconductor 
layer and ohmic contact on the whole surface mostly, and a curvature prevention layer for preventing the curvature of the 
aforementioned wafer above the aforementioned metal layer at least. 

[Claim 10] In the light emitting device which the semiconductor layer to which the laminating of n type nitride semiconductor 
layer and the p type nitride semiconductor layer was carried out at least is formed, and has n electrode and p electrode the 
aforementioned p electrode The 1 st metal layer for [ of the aforementioned p type nitride semiconductor layer ] obtaining p 
type nitride semiconductor layer and ohmic contact on the whole surface mostly, It consists of curvature prevention layers 
for preventing the curvature of the aforementioned wafer above the aforementioned metal layer at least It is the light 
emitting device which a part of aforementioned substrate [ at least ] was removed, has exposed the aforementioned n type 
nitride semiconductor layer, and is characterized by the thing on n type nitride semiconductor layer in which the 
aforementioned n electrode carried out [ aforementioned ] exposure formed so that it may touch in part at least 
[Claim 1 1] The aforementioned curvature prevention layer is a light emitting device according to claim 9 or 10 characterized 
by thickness containing the 2nd metal layer 10 micrometers or more at least 

[Claim 1 2] The aforementioned 2nd metal layer is a light emitting device according to claim 1 1 characterized by consisting of 
metals which contain nickel at least 

[Claim 13] The aforementioned 2nd metal layer is a light emitting device according to claim 11 to 12 characterized by being 
formed by non-electric-field plating. 

[Claim 14] The aforementioned curvature prevention layer is a light emitting device according to claim 9 or 10 characterized 
by consisting of resin layers formed on the aforementioned 1 st metal layer except the portion in which one or more metal 
bumps formed on the aforementioned 1st metal layer and the aforementioned metal bump were formed at least 
[Claim 15] The aforementioned resin layer is a light emitting device according to claim 14 characterized by thickness being 
20 micrometers or more. 

[Claim 16] The aforementioned p electrode is a light emitting device according to claim 9 to 15 characterized by having Au 
..ytran„web_cgLejue?u=http%3A%2F 
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layer which contains Au at least above the aforementioned curvature prevention layer. 

[Claim 1 7] The aforementioned substrate is a light emitting device according to claim 9 to 1 6 characterized by using 
sapphire. 

[Claim 18] The aforementioned n electrode is a light emitting device the claim 9 characterized by being a transparent 
electrode, or given in 17. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of of the light emitting device and light emitting 
device which have the electrode used for light emitting devices, such as Light Emitting Diode (light emitting diode) and LD 
(laser diode), especially a nitride semiconductor layer (for example, InxAlyGal-x-yN, 0<=x, 0<=y, x+y<=1). 
[0002] 

[Description of the Prior Art] The light emitting device which has a nitride semiconductor layer so that it may be represented 
by Blue Light Emitting Diode and LD etc. in recent years attracts attention. Luminescence is performed by the carrier 
combination with the carrier with which this nitride semiconductor layer was roughly poured in from p type nitride 
semiconductor layer, and the carrier poured in from n type nitride semiconductor layer, and good crystallinity is acquired by 
forming especially these nitrides semiconductor layer on silicon on sapphire. However, sapphire is the insulating matter and 
cannot form an electrode in a silicon-on-sapphire front face. For this reason, when the substrate which consists of insulating 
matter, such as silicon on sapphire, was used for a light emitting device, the electrode needed to be formed on the contact 
layer which removed the semiconductor layer by etching etc. and was exposed. 
[0003] 

[Problem(s) to be Solved by the Invention] As mentioned above, when a semiconductor layer was removed and an electrode 
was formed, the number of the light emitting devices obtained from per unit area of a wafer decreased, and had the trouble 
that a manufacturing cost became high. Moreover, since electrode section approached, highly precise position control needed 
to be performed at the time of bonding. 

[0004] After forming a nitride semiconductor layer on wafer-like silicon on sapphire to this again, polish etc. removed silicon 
on sapphire and there was technology which forms the electrode of each. positive/negative in the position which countered 
on both sides of the semiconductor layer. However, since curvature arose from the mismatching of the lattice constant of a 
nitride semiconductor layer and sapphire to a wafer and the crack of a semiconductor layer etc. occurred as silicon on 
sapphire is ground, there was a trouble that the manufacture yield became bad and a manufacturing cost became high. Since 
especially the mismatching of the lattice constant of silicon on sapphire and a nitride semiconductor is large, in the light 
emitting device which consists of a nitride semiconductor, this curvature poses a big problem. 

[0005] Then, this invention aims at offering the manufacture method of of the light emitting device and light emitting device 
which have the nitride semiconductor layer which formed the electrode in both sides of a light emitting device by the low 
cost without causing the fall of the manufacture yield, acquiring good crystallinity. 
[0006] 

[Means for Solving the Problem] In the manufacture method of the light emitting device which divides the wafer with which 
the manufacture method of the light emitting device of this invention reached with n type nitride semiconductor layer at 
least on the substrate, and the laminating of the p type nitride semiconductor layer was carried out for every light emitting 
device p electrode formation process which forms the 1st metal layer for [ of the aforementioned p type nitride 
semiconductor layer ] obtaining p type nitride semiconductor layer and ohmic contact on the whole surface, and forms the 
curvature prevention layer for preventing the curvature of the aforementioned wafer above the aforementioned metal layer 
mostly, So that a part of aforementioned n type nitride semiconductor layer [ at least ] may be exposed to each field of the 
light emitting device which should be divided after the aforementioned p electrode formation process The substrate removal 
process of removing the aforementioned substrate from the substrate side where the laminating of the aforementioned 
nitride semiconductor layer was carried out, and the field of an opposite side, The division process which should divide the 
wafer with which n electrode formation process which forms n electrode so that it may touch in part at least and the 
aforementioned p electrode on n type nitride semiconductor layer which carried out [ aforementioned ] exposure, and the 
aforementioned n electrode were formed and which divides for every field and is made into a light emitting device is included. 
By this, the light emitting device which has the nitride semiconductor layer which formed the electrode in both sides of a 
light emitting device can be offered by the low cost, without causing the fall of the manufacture yield, acquiring good 
crystallinity. 

[0007] Moreover, the manufacture method of the light emitting device of this invention can consider the aforementioned 
curvature prevention layer as the composition in which thickness contains the 2nd metal layer 10 micrometers or more at 
least 

[0008] Moreover, the aforementioned 2nd metal layer consists of metals with which the manufacture method of the light 
emitting device of this invention contains nickel at least 

[0009] Moreover, the aforementioned 2nd metal layer is formed for the manufacture method of the light emitting device of 
this invention by non-electric-field plating. 

[0010] Moreover, you may consist of resin layers by which the manufacture method of the light emitting device of this 
invention was formed on the aforementioned 1st metal layer except the portion in which one or more the metal bumps and 
the aforementioned metal bumps by which the aforementioned curvature prevention layer was formed on the aforementioned 
1 st metal layer were formed at least 

[001 1] Moreover, the manufacture method of the light emitting device of this invention is further included with Au layer 
formation process which forms Au layer which contains Au at least above the aforementioned curvature prevention layer. 
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[0012] Moreover, in the manufacture method of the light emitting device of this invention, the aforementioned substrate uses 
sapphire. 

[0013] Moreover, in the manufacture method of the light emitting device of this invention, the aforementioned n electrode is 
a transparent electrode. 

[0014] Moreover, the semiconductor layer to which the laminating of n type nitride semiconductor layer and the p type 
nitride semiconductor layer was carried out at least is formed, and the light emitting device of this invention is set to the 
light emitting device which has n electrode and p electrode. On both sides of the aforementioned semiconductor layer, the 
aforementioned n electrode and the aforementioned p electrode counter, and are formed, respectively, the aforementioned p 
electrode It consists of a 1 st metal layer for [ of the aforementioned p type nitride semiconductor layer ] obtaining p type 
nitride semiconductor layer and ohmic contact on the whole surface mostly, and a curvature prevention layer for preventing 
the curvature of the aforementioned wafer above the aforementioned metal layer at least. 

[0015] Moreover, light emitting device of this invention In the light emitting device which the semiconductor layer to which 
the laminating of n type nitride semiconductor layer and the p type nitride semiconductor layer was carried out at least is 
formed, and has n electrode and p electrode The aforementioned p electrode The 1 st metal layer for [ of the aforementioned 
p type nitride semiconductor layer ] obtaining p type nitride semiconductor layer and ohmic contact on the whole surface 
mostly, It consists of curvature prevention layers for preventing the curvature of the aforementioned wafer above the 
aforementioned metal layer at least A part of aforementioned substrate [ at least ] was removed, the aforementioned n type 
nitride semiconductor layer is exposed, and the aforementioned n electrode can be considered as the composition formed so 
that it may touch on n type nitride semiconductor layer which carried out [ aforementioned ] exposure in part at least. 
[0016] Moreover, the light emitting device of this invention can consider the aforementioned curvature prevention layer as 
the composition in which thickness contains the 2nd metal layer 10 micrometers or more at least. 

[0017] Moreover, the aforementioned 2nd metal layer consists of metals with which the light emitting device of this invention 
contains nickel at least 

[0018] Moreover, the aforementioned 2nd metal layer is formed for the light emitting device of this invention by non- 
electric-field plating. 

, [0019] Moreover, you may consist of resin layers by which the light emitting device of this invention was formed on the 
aforementioned 1st metal layer except the portion in which one or more the metal bumps and the aforementioned metal 
bumps by which the aforementioned curvature prevention layer was formed on the aforementioned 1st metal layer were 
formed at least. 

[0020] Moreover, as for the light emitting device of this invention, the thickness of the aforementioned resin layer is 20 
micrometers or more. 

[0021] Moreover, the light emitting device of this invention has Au layer in which the aforementioned p electrode contains Au 
at least above the aforementioned curvature prevention layer. 

[0022] Moreover, sapphire is used for the light emitting device of this invention by the aforementioned substrate. 
[0023] Moreover, the aforementioned n electrode of the light emitting device of this invention is a transparent electrode. 
[0024] 

[Embodiments of the Invention] (Form 1 of operation) The electrode formation method of the light emitting device of this 
invention and a light emitting device is explained below. 

[0025] As shown in drawing 1 (a), the semiconductor layer 2 is formed on the wafer-like substrate 1. As a substrate 1, 
insulating substrates, such as sapphire and a spinel, are used, for example. The semiconductor layer 2 is formed of a nitride 
semiconductor layer, and consists of an n type nitride semiconductor layer 21 which consists of nitride semiconductor 
InxAlyGa1-x-yN (0<=x, 0<=y, x+y<=1) which doped n type impurities, such as Si, and a p type nitride semiconductor layer 23 
which consists of a nitride semiconductor which doped p type impurities, such as Mg, at least. 

[0026] the [ and / which is the 1 st metal layer from which p type nitride semiconductor layer 23 and ohmic contact are 
obtained on p type nitride semiconductor layer 23 as shown in drawing 1 (b) after forming the semiconductor layer 2, and 
which formed Pt for example on the nickel/Pt layer ] — the 1p electrode 31 and the curvature prevention layer 32 are 
formed one by one Here, it curves and, as for the prevention layer 32, thickness is formed from a metal layer 1 0 micrometers 
or more. Thus, the supporter material of the wafer for removal of a substrate 1 can be mostly obtained by intensity sufficient 
by the p electrode 3 of a wafer in which thickness contains the 2nd metal layer 10 micrometers or more at least on the 
whole surface being formed for the whole wafer. As for this support metal layer 32, being formed by non-electric-field plating 
is desirable. When insulating matter, such as sapphire, is used for a substrate 1, it is eye a difficult hatchet to impress 
electric field to the whole wafer uniformly, and to form a uniform metal layer. If the thickness of the curvature prevention 
layer 32 becomes uneven at this time, distortion will arise to a wafer and the semiconductor layer 2 will become easy to 
break. 

[0027] then, as shown in drawing 1 (c), the p electrode 3 side counters a susceptor 5 in the wafer with which the p electrode 
3 which has the support metal layer 32 was formed in the susceptor 5 — as — laying — polish — by using a member 6, it 
grinds so that n type nitride semiconductor layer 21 may expose a substrate 1, and it removes Or after leaving 10-100 
micrometers of substrates, it is good also as composition which removes a part of substrate [ at least ] 1 with etching or a 
dicing saw. Thus, a part of n type nitride semiconductor layer [ at least ] 21 is exposed. Thus, when thickness forms p 
electrode which has the 2nd metal layer 10 micrometers or more at least on p type nitride semiconductor layer 23, the 
curvature of the wafer produced at the time of polish of a substrate 1 can be reduced, and the crack of the semiconductor 
layer 2 can be prevented and ******(ed). Moreover, a substrate 1 can be ground, reducing distortion and keeping parallelism 
good [ precision ]. 

[0028] And the n electrode 4 which consists of W/aluminum or ITO is formed in exposed n type nitride semiconductor layer 
21. In this case, it is good also as composition which forms n electrode so that it may touch on exposed n type nitride 
semiconductor layer in part at least By forming the n electrode 4 as a transparent electrode especially, the p electrode 3 
from which it was formed by sufficient thickness and the high reflection factor was obtained is used as a reflector, it is 
efficient and the light generated in the semiconductor layer 2 can be taken out In W/aluminum, it can be made into a 
transparent electrode by forming W by 10-30A in about 20-40A and ITO, and forming aluminum by the thickness of 1000- 
5000A. 
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[0029] Thus, the wafer in which the electrode was formed can be divided into a suitable size, and a light emitting device can 
be obtained. The number of the light emitting devices which the yield improves since the crack of a wafer can be prevented, 
and are obtained from per unit area of a wafer by the electrode formation method of the light emitting device of this 
invention can be raised. Moreover, uniform luminescence is obtained from the ability of the light emitting device of this 
invention to counter and form the p electrode 3 and the n electrode 4 on both sides of the semiconductor layer 2. 
Furthermore, since the crystalline good nitride semiconductor layer 2 can be formed when sapphire is used as a substrate 1, 
high luminescence of luminous efficiency is obtained. 

(Form 2 of operation) The electrode formation method of the light emitting device of this invention and a light emitting device 
is explained below. 

[0030] As shown in drawing 7 (a), the semiconductor layer 2 is formed on the wafer-like substrate 1. As a substrate 1, 
insulating substrates, such as sapphire and a spinel, are used, for example. The semiconductor layer 2 is formed of a nitride 
semiconductor layer, and consists of an n type nitride semiconductor layer 21 which consists of nitride semiconductor 
InxAlyGal-x-yN (0<=x, 0<=y, x+y<=1) which doped n type impurities, such as Si, and a p type nitride semiconductor layer 23 
which consists of a nitride semiconductor which doped p type impurities, such as Mg, at least 

[0031] the [ and / which is the metal layer in which it formed, the metal, for example, the nickel/Pt layer, on p type nitride 
semiconductor layer 23 from which p type nitride semiconductor layer 23 and ohmic contact are obtained on the whole 
surface, mostly as shown in drawing 7 (b) after forming the semiconductor layer 2 ] — the 1p electrode 31 is formed the 
[ this ] — the 1p electrode 31 is good on a nickel/Pt layer also as composition which carried out the laminating of the Pt 
layer further 

[0032] the — it is shown in drawing 7 (c) after 1p electrode formation — as — the — two or more metal bump 32a is formed 
on the 1p electrode 31 next, the portion in which metal bump 32a was formed as shown in drawing 7 (d) — removing — the - 
- resin layer 32b is formed on the 1p electrode 31 And it processes by ****(ing) for making a front face uniform by grinding 
etc. Of these metal bump 32a and resin layer 31b, the curvature prevention layer 32 which prevents the curvature of a wafer 
at the time of substrate 1 polish is formed. As for this curvature prevention layer 32, it is desirable to be referred to as about 
40-80 micrometers. Thus, the supporter material of the wafer for removal of a substrate 1 can be obtained by intensity 
sufficient by the thing of a wafer for which it curves on the whole surface mostly and a prevention layer is formed for the 
whole wafer. 

[0033] then, as shown in drawing 7 (e), the p electrode 3 side counters a susceptor 5 in the wafer with which the p electrode 
3 which curves in a susceptor 5 and has the prevention layer 32 was formed — as — laying — polish — by using a member 
6, it grinds so that n type nitride semiconductor layer 21 may expose a substrate 1, and it removes Or after leaving 10-100 
micrometers of substrates, it is good also as composition which removes a part of substrate [ at least ] 1 with etching or a 
dicing saw. Thus, a part of n type nitride semiconductor layer [ at least ] 21 is exposed. Thus, when thickness forms p 
electrode which has the curvature prevention layer 32 1 0 micrometers or more at least on p type nitride semiconductor layer 
23, the curvature of the wafer produced at the time of polish of a substrate 1 can be reduced, and the crack of the 
semiconductor layer 2 can be prevented. Moreover, a substrate 1 can be ground, reducing distortion and keeping parallelism 
good [ precision ]. 

[0034] And the n electrode 4 which consists of W/aluminum or ITO is formed in exposed n type nitride semiconductor layer 
21. In this case, it is good also as composition which forms n electrode so that it may touch on exposed n type nitride 
semiconductor layer in part at least. 

[0035] Thus, the wafer in which the electrode was formed can be divided into the suitable size containing at least one metal 
bump 32a, and a light emitting device can be obtained. The number of the light emitting devices which the yield improves 
since the crack of a wafer can be prevented, and are obtained from per unit area of a wafer by the electrode formation 
method of the light emitting device of this invention can be raised. Moreover, uniform luminescence is obtained from the 
ability of the light emitting device of this invention to counter and form the p electrode 3 and the n electrode 4 on both sides 
of the semiconductor layer 2. Furthermore, since the crystalline good nitride semiconductor layer 2 can be formed when 
sapphire is used as a substrate 1, high luminescence of luminous efficiency is obtained. 

(Example 1) An example at the time of applying the formation method of the electrode of the light emitting device in this 
invention to Light Emitting Diode is explained. 

[0036] For example, each class is formed by the organic-metal vapor-growth method (the MOCVD method), using the Cth 
page of sapphire as a substrate 1. The buffer layer which makes the mismatching of the lattice constant of a substrate 1 and 
the nitride semiconductor layer 2 ease on a substrate 1 as shown in drawing 2 (a) (not shown), By n type contact layer and 
carrier combination which are n type nitride semiconductor layer 21 for obtaining n electrode and ohmic contact p type 
nitride semiconductor layer 23 which consists of p type contact layers for obtaining p type clad layer for confining in a 
barrier layer the barrier layer 22 and carrier which are made to generate light and p electrode, and ohmic contact is formed 
one by one. 

[0037] A buffer layer consists of GaN(s) of 1 0A - 500A of thickness which performed the crystal growth by low temperature, 
n type contact layer consists of 2-6-micrometer Si dopes GaN preferably 1-20 micrometers of thickness. Moreover, you may 
form n type clad layer which consists of AIGaN(s) by which Si was doped on n type contact layer. A barrier layer 22 may be 
constituted from InGalM and may be constituted as the single well layer or multiplex quantum well layer of GaN/InGaN/GaN. p 
type clad layer consists of Mg dopes AIGaN of 100-500A of thickness. Moreover, the carrier to a barrier layer also closes 
this p type clad layer, and it is omissible if eye ** is enough, p type contact layer consists of 0.05-0.2-micrometer Mg dopes 
GaN preferably 0.001-0.5 micrometers of thickness. 

[0038] Annealing is performed, after forming nickel by the thickness of 100A on p type nitride semiconductor layer 23 of the 
wafer formed as mentioned above and forming Pt by sputtering etc. by the thickness of 500A on it as shown in drawing 2 (b). 
The ohmic contact with a combination of this nickel/Pt as good also as nickel/Au, Co/Au, and Pd/Pt as p type nitride 
semiconductor layer 23 is obtained, furthermore, Pt after forming a nickel/Pt layer — the thickness of 5000A — forming — 
annealing — carrying out — the — it takes 1p electrode 31 

[0039] the — after 1p electrode 31 formation — further — Palladium Pd — the thickness of severalangstroms - 1000A — 
sputtering — or — or roughen a front face, it is made to adsorb by etching, and ground layer 32a is formed This Pd acts as a 
reaction catalyst And on ground layer 32a, 10 micrometers or more, P-nickel is preferably formed by non-electric-field 
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plating by the thickness of 50-300 micrometers, and is set to 2nd metal layer 32b. 5-10% of the Lynn content is desirable. 
Au is lastly formed by non-electric-field plating or the vacuum deposition by the thickness of 1000A. Since it is difficult to 
carry out the seal of approval of the uniform electric field to the whole wafer when insulators, such as sapphire, are used for 
the substrate 1 of the nitride semiconductor layer 2, it is desirable to form the metal layer which has sufficient thickness 
with non-electric-field plating. Cu, Au. and Ag are mentioned as an example of other non-electric-field plating of nickel. 
Especially nickel has a quick formation speed, and since it becomes easy to obtain sufficient thickness, it is more desirable. 
[0040] then, the wafer with which the p electrode 3 was formed as shown in drawing 2 (c) — the susceptors 5, such as a 
surface plate, — laying — the 1 st page of a substrate — polish of a grinding stone etc. — it grinds by the member 6 the 
[ thus, ] — a substrate 1 can be ground in parallel, without being able to prevent that a wafer is distorted and a wafer 
breaking at the time of substrate polish, by forming 2nd metal layer 32b which has sufficient thickness as compared with the 
1p electrode 31 

[0041] Polish of this substrate 1 is performed until n type nitride semiconductor layer 21 is exposed, as shown in drawing 3 
(a). After polish of a substrate 1 etches about 1-2 micrometers in RIE in the field which received the damage by polish of n 
type contact layer 21. Then, it is 20A in thickness about a tungsten, next, aluminum is formed by sputtering by the thickness 
of 30A at exposed n type contact layer 21, annealing is performed, and as shown at drawing 3 (b), the n electrode 4 is 
formed. Moreover, you may form this n electrode 4 from ITO. Thus, a dicing saw divides the formed wafer, and as shown in 
drawing 3 (c), it considers as a light emitting device. 

[0042] Moreover, although the example which forms n electrode all over a wafer here was shown, the ejection efficiency of 
the light from a light emitting device can be improved by forming the n electrode 4 partially by patterning. 
(Example 2) The process to p electrode 3 formation is performed like an example 1 . as a light emitting device is laid in a 
susceptor 5 after p electrode formation and it is shown in drawing 4 (a), it leaves 10 micrometers - about 100 micrometers of 
substrates 1 to n type nitride semiconductor layer 21 side — as — polish — it grinds by the member 6 What is necessary is 
just to set up suitably the thickness of this substrate 1 that it should leave according to the control precision of polish. Then, 
as shown in drawing 4 (b), with a dicing saw, a substrate 1 is deleted by Mr. about 0.5-2.0-micrometer Fukashi of n type 
contact layer, and a slot is formed. To silicon on sapphire 1 and n type nitride semiconductor layer 21, after formation of a 
slot etches so that n type nitride semiconductor layer 21 can delete about 1-2 micrometers in RIE. 
[0043] And to a substrate 1 and n type nitride semiconductor layer 21, Aluminum aluminum is formed for Tungsten W by 
sputtering by the thickness of 30A after that with the thickness of 20A, annealing is performed, and as shown in drawing 4 
(c), the n electrode 4 is formed. Thus, a dicing saw divides the formed wafer for every light emitting device, as shown in 
drawing 4 (d). 

[0044] This example 2 can stop the damage by the polish to n type nitride semiconductor layer 21 to the minimum. Moreover, 
it can prevent grinding n type nitride semiconductor layer 21 too much by control dispersion of the polish depth. 
[0045] Moreover, it is not necessary to necessarily form the n electrode 4 all over n type nitride semiconductor layer 21, and 
as shown in the perspective diagram of the light emitting device shown in drawing 5 (a), it may form the n electrode 4 
partially. Drawing 5 (b) is the plan which looked at the example of the n electrode 4 shown in drawing 5 (a) from right above 
the n electrode 4 here. The number of the slots formed in n type nitride semiconductor layer 21 does not need to be one, 
either, and they may be formed. [ two or more ] Of course, what is necessary is not to form the n electrode 4 throughout a 
slot and to form the n electrode 4 only in a field required for carrier pouring. 

[0046] Furthermore, as shown in drawing 6 , you may form in each angle of a light emitting device the slot formed in n type 
nitride semiconductor layer 21 from the center of a light emitting device. However, drawing 6 is the plan which looked at the 
n electrode 4 from right above like drawing 5 (b). In this example, since the n electrode 4 of each other in the flat surface of 
n type nitride semiconductor layer 21 is formed in the 2-way which is not parallel from the center of a light emitting device, a 
carrier is comparatively poured into homogeneity over the whole surface of a light emitting device, and luminescence in a 
light emitting device can be made uniform. 

[0047] Furthermore, although it is desirable from not adding new composition to the manufacturing installation of a light 
emitting device to form a slot by using a dicing saw, the configuration in which n type nitride semiconductor layer 21 is 
exposed does not need to be a slot-like, removes a part of [ required in order not to be concerned with a configuration but 
to perform carrier pouring / at least ] substrates, and should just expose n type nitride semiconductor layer 21. 
(Example 3) An example at the time of applying the formation method of the electrode of the light emitting device in this 
invention to Light Emitting Diode is explained. 

[0048] For example, each class is formed by the organic-metal vapor-growth method (the MOCVD method), using the Cth 
page of sapphire as a substrate 1. The buffer layer which makes the mismatching of the lattice constant of a substrate 1 and 
the nitride semiconductor layer 2 ease on a substrate 1 as shown in drawing 8 (a) (not shown), By n type contact layer and 
carrier combination which are n type nitride semiconductor layer 21 for obtaining n electrode and ohmic contact p type 
nitride semiconductor layer 23 which consists of p type contact layers for obtaining p type clad layer for confining in a 
barrier layer the barrier layer 22 and carrier which are made to generate light and p electrode, and ohmic contact is formed 
one by one. 

[0049] A buffer layer consists of GaN(s) of 1 0A - 500A of thickness which performed the crystal growth by low temperature, 
n type contact layer consists of 2-6-micrometer Si dopes GaN preferably 1-20 micrometers of thickness. Moreover, you may 
form n type clad layer which consists of AIGaN(s) by which Si was doped on n type contact layer. A barrier layer 22 may be 
constituted from InGaN and may be constituted as the single well layer or multiplex quantum well layer of GaN/InGaN/GaN. p 
type clad layer consists of Mg dopes AlGaN of 100-500A of thickness. Moreover, the carrier to a barrier layer also closes 
this p type clad layer, and it is omissible if eye ** is enough, p type contact layer consists of 0.05-0.2-micrometer Mg dopes 
GaN preferably 0.001-0.5 micrometers of thickness. 

[0050] Annealing is performed, after forming nickel by the thickness of 100A on p type nitride semiconductor layer 23 of the 
wafer formed as mentioned above and forming Pt by sputtering etc. by the thickness of 500A on it as shown in drawing 8 (b). 
The ohmic contact with a combination of this nickel/Pt as good also as nickel/Au, Co/Au, and Pd/Pt as p type nitride 
semiconductor layer 23 is obtained, furthermore, Pt after forming a nickel/Pt layer — the thickness of 5000A — forming — 
annealing — carrying out — the — it considers as the 1p electrode 31 

[0051] the — the [ after 1p electrode 31 formation and ] — the [ except the portion in which two or more metal bump 32a 
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was formed on the 1p electrode 31, next metal bump 32a was formed ] — resin layer 32b is formed on the 1p electrode 31 
Metal bump 32a consists of a golden bump, a copper bump, a solder bump, etc. Moreover, resin layer 32b consists of epoxy 
resins etc. Of these metal bump 32a and resin layer 31b, the curvature prevention layer 32 which prevents the curvature of 
a wafer at the time of substrate 1 polish is formed. As for this curvature prevention layer 32, it is desirable to be referred to 
as 20 micrometers or more, and it is more desirable to be referred to as about 40-80 micrometers. Thus, the supporter 
material of the wafer for removal of a substrate 1 can be obtained by intensity sufficient by the thing of a wafer for which it 
curves on the whole surface mostly and a prevention layer is formed for the whole wafer. Moreover, it is desirable to prevent 
that distortion of the wafer at the time of substrate polish occurs by [ which consist of this metal bump 32a and resin layer 
32b ] curving, processing by ****(ing) after forming the prevention layer 32, and making thickness uniform. 
[0052] Moreover, lastly, by plating or the vacuum deposition, Au is formed by the thickness of 1000A and it considers as the 
Au layer 34. this — the p electrode 3 and a lead — adhesion with a member or a wire can be made good this Au layer 34 — 
the curvature prevention layer 32 and a lead — it is omissible if adhesion with a member or a wire is good 
[0053] then, the wafer with which the p electrode 3 was formed as shown in drawing 8 (c) — the susceptors 5, such as a 
surface plate, — laying — the 1 st page of a substrate — polish of a grinding stone etc. — it grinds by the member 6 the 
[ thus, ] — a substrate 1 can be ground in parallel, without being able to prevent that a wafer is distorted and a wafer 
breaking at the time of substrate polish, by forming the curvature prevention layer 32 which has sufficient thickness as 
compared with the 1p electrode 31 

[0054] Polish of this substrate 1 is performed until n type nitride semiconductor layer 21 is exposed, as shown in drawing 9 
(a). After polish of a substrate 1 etches about 1-2 micrometers in RIE in the field which received the damage by polish of n 
type contact layer 21. Then, it is 20A in thickness about a tungsten, next, aluminum is formed by sputtering by the thickness 
of 30A at exposed n type contact layer 21, annealing is performed, and as shown at drawing 9 (b), the n electrode 4 is 
formed. Moreover, you may form this n electrode 4 from ITO. Thus, a dicing saw divides the formed wafer, and as shown in 
drawing 9 (c), it considers as a light emitting device. What is necessary is to be good also as 1 metal bump 32a per light 
emitting device, and just to have at least one metal bump 32a, although each light emitting device considered as the 
composition which has two metal bump 32a in the example shown in drawing 9 . 

[0055] Moreover, although the example which forms n electrode all over a wafer here was shown, the ejection efficiency of 
the light from a light emitting device can be improved by forming the n electrode 4 partially by patterning. 
(Example 4) The process to p electrode 3 formation is performed like an example 1. as a light emitting device is laid in a 
susceptor 5 after p electrode 3 formation and it is shown in drawing 10 (a), it leaves 10 micrometers - about 100 
micrometers of substrates 1 to n type nitride semiconductor layer 21 side — as — polish — it grinds by the member 6 What 
is necessary is just to set up suitably the thickness of this substrate 1 that it should leave according to the control precision 
of polish. Then, as shown in drawing 10 (b), with a dicing saw, a substrate 1 is deleted by Mr. about 0.5-2.0-micrometer 
Fukashi of n type contact layer, and a slot is formed. To silicon on sapphire 1 and n type nitride semiconductor layer 21, after 
formation of a slot etches so that n type nitride semiconductor layer 21 can delete about 1-2 micrometers in RIE. 
[0056] And to a substrate 1 and n type nitride semiconductor layer 21, Aluminum aluminum is formed for Tungsten W by 
sputtering by the thickness of 30A after that with the thickness of 20A, annealing is performed, and as shown in drawing 10 
(c), the n electrode 4 is formed. Thus, a dicing saw divides the formed wafer for every light emitting device, as shown in 
d rawing 10 (d). 

[0057] This example 2 can stop the damage by the polish to n type nitride semiconductor layer 21 to the minimum. Moreover, 
it can prevent grinding n type nitride semiconductor layer 21 too much by control dispersion of the polish depth. 
[0058] Moreover, it is not necessary to necessarily form the n electrode 4 all over n type nitride semiconductor layer 21, and 
like an example 2, as shown in the perspective diagram of the light emitting device shown in drawing 5 (a), it may form the n 
electrode 4 partially. Drawing 5 (b) is the plan which looked at the example of the n electrode 4 shown in drawing 5 (a) from 
right above the n electrode 4 here. The number of the slots formed in n type nitride semiconductor layer 21 does not need to 
be one, either, and they may be formed. [ two or more ] Of course, what is necessary is not to form the n electrode 4 
throughout a slot and to form the n electrode 4 only in a field required for carrier pouring. 

[0059] Furthermore, like an example 2, as shown in drawing 6 , you may form in each angle of a light emitting device the slot 
formed in n type nitride semiconductor layer 21 from the center of a light emitting device. However, drawing 6 is the plan 
which looked at the n electrode 4 from right above like drawing 5 (b). In this example, since the n electrode 4 of each other in 
the flat surface of n type nitride semiconductor layer 21 is formed in the 2-way which is not parallel from the center of a 
light emitting device, a carrier is comparatively poured into homogeneity over the whole surface of a light emitting device, 
and luminescence in a light emitting device can be made uniform. 

[0060] Furthermore, although it is desirable from not adding new composition to the manufacturing installation of a light 
emitting device to form a slot by using a dicing saw, the configuration in which n type nitride semiconductor layer 21 is 
exposed does not need to be a slot-like, removes a part of [ required in order not to be concerned with a configuration but 
to perform carrier pouring / at least ] substrates, and should just expose n type nitride semiconductor layer 21. 
[0061] 

[Effect of the Invention] By the electrode formation method of the light emitting device of this invention, and a light emitting 
device, the light emitting device which has the nitride semiconductor layer which formed the electrode in both sides of a light 
emitting device can be offered, acquiring good cry stall inity. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] ~~ 

[Drawing 1] It is drawing showing roughly the process from formation of p electrode in the gestalt 1 of operation of this 
invention to polish of a substrate. 

[Drawing 2] It is drawing showing roughly the process from formation of p electrode in the example 1 of this invention to 
polish of a substrate. 

[Drawing 3] It is drawing showing roughly the process from removal of the substrate in the example 1 of this invention to 
formation of n electrode, and the division into a light emitting device. 

[Drawing 4] It is drawing showing roughly the process from removal of the substrate in the example 2 of this invention to 
formation of n electrode, and the division into a light emitting device. 

[Drawing 5] It is the schematic diagram of the light emitting device about the. modification in the example 2 of this invention. 
[Drawing 6] It is the rough plan which looked at the light emitting device about other modifications in the example 2 of this 
invention from n electrode side. 

[Drawing 7] It is drawing showing roughly the process from formation of p electrode in the gestalt 2 of operation of this 
invention to polish of a substrate. 

[Drawing 8] It is drawing showing roughly the process from formation of p electrode in the example 3 of this invention to 
polish of a substrate. 

[Drawing 9] It is drawing showing roughly the process from removal of the substrate in the example 3 of this invention to 
formation of n electrode, and the division into a light emitting device. 

[Drawing 10] It is drawing showing roughly the process from removal of the substrate in the example 4 of this invention to 
formation of n electrode, and the division into a light emitting device. 
[Description of Notations] 

1 ... Silicon on sapphire 

2 ... Nitride semiconductor layer 

21 ... n type nitride semiconductor layer 

22 ... Barrier layer 

23 ... p type nitride semiconductor layer 

3 ... p electrode 

31 ... The 1st metal layer 

32 ... Curvature prevention layer 
32a ... Ground layer 

32b ... The 2nd metal layer 
32c ... Metal bump 
32d ... Resin layer 

34 ... Au layer N 
'4 ... n electrode 

5 ... Susceptor 

6 ... polish — a member 



[Translation done.] 
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[0 02 8 ] ^Lt, i&ffil,/cn§^{b^¥*S{*Jf 2 1 
*Cfc£*.«W/A 1 *Sl»5*I TOflF*6«c*n««4 

<D4>&< <bfe-»«c«-r*J:5K:n«S*JI5J5dWS«« 

-sciccjc^r, +#ftAwr#fifc3fti*i>fi«*#S 

6ftfcp«S3*K*ffii(/rffl/BU #aMM2CC** 

AlCD»^ttW410^3 0A, A 1*2 0-40 AH 
IT0©W6ttl 0 0 0 — 5 00 0A<DJf3-CJ^fi£ 

[0 02 9 ] COJ:^CcmS«rJBJ5SU/c^x^-*, S 

3, n**4**»#J12 4^r«rftIOr«J5Rr*S 
Ci^6, i^-m«l6n^ 0 ££tc, IKliL 

[0 030] 17 (a) tC**TJ:5fc, 2x^-#M>S 
«l±«C*SW*Ji2 35*««34l*. Sfiliirtt, /c 

S i m<D n S^fcEtt * F - 7 b fcMbW¥»tt I n«A 
UGa^^N (0£x, 0^y, x + y£ 1) 
£ n Slttf b4lf¥W*JI 2 1 <b , MgfOp a^Ktt* F 
-^0fca<b«¥»#^6tt* pM^{b^¥^»J12 3 

[0 03 1 ]f L/t, *»»»2*»JiSa, 17 (b) 
CC^T <£ 9 tc p attf b«¥9M*ll 2 3 ±©atf£fficc p 

afi{btt*aw*JB2 3 <b^-^ 9 

/ciiL«N i/P t »*fl5JS6L/fc3feJ«JB"r*>-SSB 1 p! 
*3 l3W»J*3ti&. C^lpli3 1«Ni/Pt 
®±K3 6 tc P t @*ff® L/c»^<b LT fc 
[0 032]fl pSSS^, 17 (c) tC^TJ:^ 
KSI1 pli3 l±Cca»©^l«^>^3 2 aaVBXftS 
yece, 17 (d) tc?nTJ:^tc^JS^>^32 a 
aWU*3tlfc»»*»ir»'Cllll Pli3 l±ftC«ll|J13 

2b^«stis. -€* lt v wmmc£~>xmm*i%- 

a*5J:0'^gJi3 1 btcJ:-or, SSIWBBpCC^*^ 

-©so*i»±r&soi»jhJi3 23&j?BaE3n*. 

SDI»ihJi3 2tt, 4 0-8 0/zm*IS£-r&C<h7W 



[0 03 3 ] H7 ( e ) CCiSTJ: 5 «c % 39*6 

5CcS0Kih»3 2«r*TSp«S3 3WBfiEShfc'J* 
A-* P s«3 «H**3tf*& 5 ec*f|6j-r 0 ccifll u , 

wmmt b *jBir>s c ±«c j: ns 1 * n mautmm 

3W*JB2 l*WH!T*«fc^CcW«L/, 

Sfifcl 0-1 0 0/zm^b/cf*, x.v*>#*1t 10 

cc, pm&imim&m2 3±tcm s# 1 o /xmeui© 
so k±» 3 2 *>pt* < t twr s p mmzmfc? z> c 

[0 034] ^LT, SaOfcnSS3ftft¥»f*»2 1 20 
{C/ci&tfW/A i I T0^6^^nli4 

[0 03 5] C©<fc5fcm«*^SL/c$*^-*\ ^ 

*/Bl>fc»&M\ «F»ttOJ:l»»k»*»*«l2 3WeJiR 

(MINI) *»M(cteWS»3e*^<0«S<D»flE#ffi 
*L E D ecgfll Lfc«^-W*WB"r S. 

[0 03 6] /ciid t7y -YTCE£S«1 ilt 
m\,\ SJg«W«^B^tBSEfi^rffi (MOCVDS) 
cfcOJBfiJEStiS. 02 (a) te^TjIO. »«l±tcS 40 

*f#5/c#0n^{bft¥3M*J12 lT>&£nM:n>£ 

[0 03 7 ]^-^ rmitmUlC <fco r*SSJSSS^f ~> 
fcif 10A-5 0 0A©GaN^«flt3tiS. nl! 50 
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n>£* hJiteJUfl -2 0 /im, ^K«2-6m 
mCDS i F-:/GaNrtp6«fiESft*. *fc. nM?> 
FJB±fcfc<fc*.tf S i #F-:/3*ifcA 1 GaN*> 
6«JSSSn-5na^^!y FH^iflEOrfcJ:^. ffittJf 
22^InGaN^eMlt^)ctC^ 4 GaN/In 
GaN/Ga N<Diji-#Fif & £ IHi^ffiS^FJf <fc 

i/oMtefci/Tfcj:i>. pS^^^kibjwioo^s 

00A©MgF^AlGaN^«?W o */c. 

+^r*n««0gpj^rA-2>. pS3>^^ fh«bi/» 

0. 001-0. 5Mm, £?$O<te0. 05-0. 2 
Mm©Mg F-^GaN?&>61UJ&3tt£, 
[0 03 8] 02 (b) te^TM^ ±iB©J; 5 fcJ&S 

snfc->*M-© P asi{b»¥aifl«2 3±«:, ni^ 

lOOACOHJrMU -ecD±(CP t £5 0 0 A£>/¥ 

y^rtf^o CONi/Pt©a*6bm Ni/A 
u, Co/AuW^Pd/Ptit/t^p^IfhW 
i»J|2 3 i Wfftt - 5 ? $6 
CC, Ni/Ptiem P t£5 00 0A(DJP3r 
J&SU 7^-'i>yaTC«lpl63 1^. 
[0039]»lp«f3 1^ 

APd^A-i o o o Aovsr;*"'? 3? 

*TTJW3 2a**JStr&. C © P d »KJ£fcH« <fc 1/ 
TftUBTS. *L,TT«U13 2a±K:, P-Ni£10 
/xm^i, *f*0< W5 0-3 0 0 MmO«Sr«S«» 
y y+fcJcoTJRSU S2^I13 2bi«o y> 
^Pfc«5-1 OW^LK «W(CAu*l 0 0 0 
A<D«S-C*MJ|Lrf ^^ttltSJC^^Mt 
£ e Bfk3M£*f*JR 2 CDSS 1 iCIf 7 r T9©*B»f* 

^mS«?>o*©WliLr«Cu, Au, Ag#W6tt 
«. WCCN i «ffMiIK#iI< , +»ft»3«»*C4 

[004 0] 02 (c) CC^TilO, p^ffi3 

«lM*B5««>W*»tt6«:j:or8F*-r*. C<D£ 

^«c % mi p!S3 i ±tt«uT+#fc»s4w*ra* 

2 3 2b 40^cT a C i CC .fc o r SSW^B^CC 

[0 04 1 ] COSS 1 (DiF^5i, 03(a) CC^Tcfc 
^CC, n9£{k«¥Wttlf2 l^Wm-ftSrfr^. S 
filOWB»», nS3>dr^ h»2 l<DWStCj:0^ 
y-S^**Wfc««|*R I Etcr 1-2 /zmiKx^ 
>^*ff^. MUcn^>^^hI2 HC 

^>^f->*20 A<Di?S"C, WC7;l/^«^A^3 
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y*trl». (b) CGjVr<fc9fcn*B4«&8 , r 
2>o &1t % CCDnnmArte I TOfrhBtiLOXbJtt*. 

#fuor, 133(c) {c^-ri^^^T-i-r*. 

[0 04 2] $/c, t cr&Wx^-O^WCn^SS: 

(**W2) p««3*ia*roxa«3**i«i &b« io 

LT\ H4 (a) CC*Vr<fc5lt> 0/zm-l 
0 0 /xmSSnSS9[{btt¥9»«2 1 »Cg| <T <£ ^ «cW 

04 (b) CC^-Tcfc^tC, y^»^V-fc<fco 
T % gffi 1 £nMn>££ hBOO. 5 — 2. 0/iml 
JK<&ai3*rH«*K i«f»f7 7 
^r*fil *J<fcO p nSE»fc«5*3»f*J12 1 CCfcfU R I 
E n MSfb^aiftJi 21*si-2w mgffiBiJtt* 20 

[004 3]-eit, ^lfe£tfn3mfb^*ttJI 
2 1CcatU *>^*f->W4 2 0A<OJ»3-C> *Offt 
T)\s$~?J*A 1 £3 0AOJI3W^9 £ y>^(C<fc 

o»«iu r--y>y*frc^ H4 (c) CCn^-TJ:^ 
y-fi'vyv-tcfcoT, 04 (d) cc^-rj:9(c % % 

[0 0 44] C©JllfiW2«, niifbW«ttl2 1 
^©WBCC <fcS ^ - ^**MBCC«IAa C <fc#-C# 30 

¥*tt»2 l*i»l/ii€f«Ci^l»±'C**. 
[0 04 5 ] nSi4»WLfcnSlHk«*» 
#Jf 2 l©±ffltC»JSJK*4jMtt&<. 05 (a) £tj* 

jauttcfel*. CCt^5 (b) 05 (a) 
/cnli4©^ 4 n«S4©S±A>^lWIHr* 
-So nSWb»¥«(M2 1 ecJBfiWSatfc 1 

CC n «S 4 «gj£T * + U TttA^iW 40 

<c««CCCD*n«fi4«r^J3E-rn«J:C». 
[0 04 6] 3 n£Stfbtt¥3lttJI 2 1 OCjftdET 

0#^iBfiJirfcJ:C>. fc/cU H612H5 (b) 
&H«» n«fi4*Jt±*»6mfc¥HBI , r**. com 
»'3^^©*^6nSa[fb!»*a»{*J12 1<£>¥ 
MF*J CDS I » (C?|f tt I > 2 *|aj CC n mffi 4 a*ff?J5 3 ti * 

r^o 50 
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[0047] 36(C ( *-^»^V-*J8lr>4C<t«C<fc 
<b^¥2gf*Jf2 l*«W3tf*»t^^r**£®tt 

d>4 < t b-^comtiiZM&L. nwmtwmttm 2 

[0048] tctztt. <<Tcm*mm tLX 
mi\ &m\tm&^fmj8&fi& (mocvds) k 

J;0M3^o 08(a) JCTR-raO. *fil±te8 
«1 <h^{b»^(*J12<hO^^(D^II^^]|iffl3 
W^-;7 7i (BlTnit-r) , nHi^s?^«l 
ft»*fc«)©nSffl{b«*»»li2 l"C*^>nM^>^ 
* hJf, ++yr*g^«cJ:036*«*3-&*ffittJ12 

2, **yrtJSttJi«:Bi;a»4fc»©pSli'9» F 

*t Z M|*» 6««t3 ft £ P S3fb«J*a§f«B 2 3 
Jf5J?X3ft£o 

[0 04 9 ] ^^7yiittfi««:J:orttJlJ6Sa*tf-9 

ftJIJVl 0 A-5 0 0 A(DGaN^6«fiS3nSo nl 
3>^^hMIl-20/im, $?£0<tf:2-6M 
mOS i F-^GaNfr&flMEdft*. n^=J> 
FJB±fcfc£*.«S i ^K-^n/cA lGaN^ 

2 2tt I nGaN*^Ml/t(>J;^U GaN/In 
G a N/G a N CD#-#FH& & W*3«*?#FJB £ 

psa^^^FWiBWioo-5 

0 0 A0Mg F-^A 1 GaNa^6flllS3*l*. 

0. 001-0. 5/um, *?$L<fci:0. 05-0. 2 
[0 05 01 ^8 ( b ) fcSVT fflO , ±ia<3[) <fc 5 

snfc^*^-(opa^b«j*aK*ji2 3±«:. ni^ 

1 0 0A©JP3rff2j£U ^^±^CP t*5 0 0 A<om 

$xz^v*v>#mcjzr>xBi&utcm. r--y> 

y*ff9. CONi/Pt©a**b*«, Ni/A 
u, Co/AufeJ:0'Pd/Pt<!:U^p«« 

Ni/Ptl^m P t£5 00 0 A©Jf3r 

jftau, r--y>^*ffc»j»i p1@3 1 t-rs. 

[0 0 5 1 3 *1 Plt3 UBfiEfft. mi P1I3 1± 

7*3 2a*W$n/cS[»^/cgl pli3 1±CC 
ttttgJB3 2 b«3tiS, ^H^*>^3 2 a« v ^< 

fc, W3 2bH x^+t/«|!iUf^6«fiS3nS. 
cn^I^>^3 2 a*5ctOf»fliH3 1 b^C^-^r, 



(7) 

XL 

mm i bfsbs k * ^ - ©s o * i»±-r s s o ®±® 3 

2#»fiS<*ft*. C ©JK9 65±JB 3 2 tt, 2 0/im«l 
<fcTSC<fc##*L< , 4 0-8 0 Mralgit^Ci 

C *fc* C©£H^>:/3 2 a*$J:OWJ!S 

»3 2b*i6«c4S0l»±ll3 2*JBfiSa. MtiUM 
*frt >W cc & C <t K «fc o TStgffl^H#© £ x 

^-OI*«ttrSC i fcKfJhT & U>. io 

[0 0 5 2 ] */c, «)Htc^y**yfcW^#ffiCC<fcor 
Au£ 1 0 0 0 A©J¥3r7£j£U Aul34in 0 

<fc©^*^fCTac£#rSa. C©AuJf3 4 

[0 0 5 3 ] *©«, 08 (c) KJfifaO. pfl®3 

«lW*JB5»©W*fflW6K:J:o-cW»"r*. c©<fc 
9«c % mi Pli3 1 ttt«LT+»tt*S**1-*H 20 
0 BEMtJI 3 2 *J^flE-r £ C £ CC J: r> TSIfiffiBBSte: * * 

[0 054] C©SS 1 ©Wgte, 0 9(a) CC^J: 

^-^4S^ffl«*R I E(Ctl^2/zmgax?f 

>^«f^ 0 *©sl imucnia>^^ hji2 nc 

*>^X^>£2 0 A©JI<*T\ #C{C7\rt'5-'?A*3 
OA©/? ST*'** *i;>y«:J:g»0iU 7~-U> 30 
y*trl^ 09 (b) te^J: 5 0Cn«ffi4 
&„ *fc % C©n«*4l*I T0*»6Jlftat0r*>J:C». 

09 (c) CC^J: 5 0 

I^3 2ail/tfeJ:<» *ft<ifcl-304I;i 
>^3 2a^fltl^m\ 
[0 05 5] $/c k CC"C^^xA-(D^ffl(Cntg^ 

«4**sW"4c£fc«fcoT. s%#*^jfe6©#©K 
0 ffl U#)$£fa_LT a c <b #r a a . 

(H*«4) p«S3JBflt*r©Xg^tt«l £Bia 
«f^n^> e pl®3»m 5 <c« 

lit, 010 (a ) &C7jrr<fc5fc:, SSI 4 10am 
-10 0m mSKn aWbWMNMMI 2 1 WCc^T i 5 
«cBfS»W6CC<torWS'rS. C©£rf^£^«l© 

010 (b) te^vr<£Mc, tfjis^#v-tc& 
ot, lSl?:nl3>^^hl(D0. 5 — 2. 0 um 50 
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sK©ass*rpwo. «©»aaiw^ 

y^T»l*J:CKnffl<b«MWW«i2 l«c«U R 

1 Eictn mmi k»*aw*» 2 1 # 1 - 2 m maaawn 

[ 0 0 5 6 ] * LX . S« 1 CXnlffliit«*3W*IB 

2 IfcJfU *>^*f*>W£2 0 A©J¥<**C\ *©« 

vmmis* r~-v>#*m\ 010 (c) cc^-rj: 

SKn««4 4JgJ5M*a. C©J:9«c»sSLfc^*^- 
^^^»^VHC<i:ot, 010 (d) (CTnTcfc^ 

[0 05 7] C©JI*W2 n&tt{Hfe¥i»»JI2 1 
^©ffl^Cc J: £ - 2^**/MRCC»iL l>Cim 

ttc. if^3©»(«lK6o*CcJ:ornS!SMfc* 
¥£f*JI2 l*W*UiltfSC<t3WI»±r**. 

[0 05 8 ] Sfc, nlffi4^fl^>niH[:Wi 

(*H2 i ©*Hcc»ja-r*«iWtttt< , iiis«2 &n 
05 (a) tcTFbtcftym^omtm®***^ s& 

#W«cnWi4*»j«OTfcj:i>. ccr05 (b) 

05 (a) tC7nU/cnm@4©^^r, nll4©S 

±rtP6mfc¥H0ras. nsa»fc«»*aw*Ji2 ncjg 
< , * + »; raAcc^^^cc©^ nii4 ^jBSE-r 

[0 05 9 ] 5 nSSSf M»¥3IM«B 2 1 CCffMT 
Hife^2<b[^l1i, HBfc^iSWBBIH 1 © 

06«05 (b) £Eia, n«S4*X±*6Jifc¥E 
0-C£>£ o COWTtt, ^^©*^6ni^ffl 
¥£«I2 l©^ffirt©EC^Wr«cC»2*rn)CCna 

®4 WBttStiSfeab. * f y r^Sf^Itc^ 

[0 06 0] #4*s>ifV-*:mi<>&Z£tCJ: 

< t b-Hftcommzmii L . n M^b^^i*® 2 
l*«ms**itfJ:c». 
[00 6 1 ] 

[Hffi©n*&tt9n 

[01] *»qa©HtS©?B« 1 «c*j W a p «ffi©»SE 
*»6JI«©WB*r©x^*«BS«tc^rH-c*a. 

[02 ] *^0^©si^ i icwsptt<aH»6 
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[0 3 ] *mi<Dfffim 1 K*m4*fi©tt**6n 

CC^-TElrAS. 1 • 

[04] **MCr>ja6«2CC*JW-6»«©|«*^6n 2- 

cc^-rar**. 2 2 

[as i ttw<M»m2ic*»zs3&wicm*&n 2 3 

[06] ttm<DXM2K*w&WDmmtm* 10 31 

[07 ] *§tyi<Dmm<Dj&i&2<tctov2> pnm<mi£ 32a 

^esfiowBiroiasawwcc^Tria-c**. 32b 

[as] xftwonmmsictowzpmmoBmfrib 32c 

a«owB*r©xg«:«B8Wtc^-ria"c*a. 3 2 d 

[09] ^«<D%tt«3CC^^SSfi<D|»£^6n 3 4 • 

GC^-f0T#>£ o 5 • • 

[010] *IBWOj|iS«4tC*jWSS«©l»*^e* 6-- 



(8) #^2 00 1-3 1342 2 
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